Introduction
On the basis of biochemical analysis of its proteins and mRNAs (Cavanagh & Barrett, 1988; Collins & Gough, 1988; Ling & Pringle, 1988) turkey rhinotracheitis virus (TRTV) was considered most likely to be a pneumovirus, recently assigned to the subfamily Pneumovirinae within the family Paramyxoviridae (Pringle, 1991) . This view has been supported by our finding that the fusion (F) and
The sequence of the M2 gene has been submitted to the DDBJ, EMBL and GenBank nucleotide sequence databases and assigned the accession number X63408. matrix (M) proteins of TRTV (Yu et al., 1991 (Yu et al., , 1992 mostly closely resemble the analogous proteins of human respiratory syncytial (RS) virus, the pneumovirus that has been studied in greatest detail (for a review, see Collins, 1991) . Interestingly, however, we have found a difference in gene order between TRTV and the mammalian pneumoviruses, which also include bovine RS virus and pneumonia virus of mice (PVM; Chambers et al., 1990) . These mammalian viruses have the partial gene order 3' M-SH-G-F 5' whereas TRTV has the order 3' M-F 5' (Yu et al., 1992) , where SH is a small hydrophobic protein and G is the cell attachment glycoprotein. One feature that distinguishes human pneumoviruses from the other two genera (Paramyxovirus and Morbillivirus) in the Paramyxoviridae subfamily Paramyxovirinae (Pringle, 1991) is the production of a protein termed M2 or 22K (Wunner & Pringle, 1976; Peeples & Levine, 1979; Collins et al., 1984) . This is encoded by a gene distinct from that for the M protein, the M2 gene being 5'-proximal to the F gene (Collins et al., 1984; Elango et al., 1985; Huang et al., 1985; Baybutt & Pringle, 1987) . A protein of similar size is present in TRTV-infected cells (Ling & Pringle, 1988 Cavanagh & Barrett, 1988) and virions (J. Li & D. Cavanagh, unpublished observations) .
In this communication we report the cloning of the gene 5'-proximal to the TRTV F gene, using negativesense virion RNA as the substrate and an oligonucleotide primer corresponding to the F gene sequence. This has shown that TRTV does encode a M2 protein and that the M2 gene is situated at the 5' side of the F gene, as in the mammalian pneumoviruses.
Methods
Virus and cells. The TRTV strain used was UK/3BV/85 and this was propagated in Vero cells (Yu et al., 1991) . The coronavirus infectious bronchitis virus (IBV) was also propagated in Vero cells.
Preparation of TRTV-induced RNAs.
RNA was extracted from infected Veto cells as previously described (Yu et al., 1991 (Yu et al., , 1992 . Virions were prepared by centrifugation of clarified cell culture medium at 35 000 g for 90 min in a Sorvall TFA-20.250 angle rotor and the RNA was extracted as for cells, using guanidinium isothiocyanate.
Preparation ofcDNA, eDNA synthesis was performed with a kit from Amersham using RNA obtained from virions produced in five 75 cm 2 flasks of Vero ceils. First-strand synthesis was primed using a synthetic 20-mer oligonucleotide (FR1) (Severn Biotech), corresponding to nucleotide positions 1462 to 1481 in the F gene sequence (Yu et al., 1991) , i.e. situated with its 3' end approximately 160 nucleotides from the 5' end of the F gene. The single-stranded cDNA was then C-tailed at its 3' end using 40 units of terminal deoxynucleotidyl transferase (Amersham) for 30 rain at 37 °C (Sambrook et al., 1989) . This C-tailed eDNA was then used as the substrate in a polymerase chain reaction (PCR) using oligonucleotide FR1 and a second oligonucleotide (oligo G) with the sequence 5' TCTAAGCTTGAATTCGGGGGGGGG-GGG 3'. The 12 G residues were chosen to hybridize with the poly(C) tail of the cDNA and the sequences AAGCTT and GAATTC correspond to the restriction sites of HindIII and EcoRI, to aid subsequent manipulation. The PCR was performed for 25 cycles (Sambrook et al., 1989) . No definite product was detected when 5 lal was electrophoresed and stained with ethidium bromide. Therefore 1 lal of the product was used as substrate in a second PCR. Since electrophoresis revealed a large number of products the DNA was transferred to nitrocellulose and probed with a 32p_labelled probe made by hexanucleotide priming using a full-length cDNA of the F gene as the substrate. This revealed a band of F gene-containing cDNA of approximately 0.47 kb which was subsequently excised, the cDNA eluted, precipitated, ligated into EcoRV-cut phagemid pBluescript II SK + (Northumbria Biologicals) and cloned using Escherichia coli XL lBlue (Northumbria Biologicals). Sequencing of two resultant clones . The numbers show the number of amino acids (aa) encoded by these ORFs or the first nucleotide of the start codons and the last nucleotide of the stop codons. The filled rectangles show the TRTV clones that were sequenced. 'PCR' denotes that clones were generated by the PCR from mRNA (m) or viral (v) genomic RNA; the numbers at the end of the clone names show the numbers of the clones that were sequenced. The position of the HindlII restriction site (nucleotides 483 to 486 in Fig. 2 ) is shown.
(FM2.PCRG1 and 2; Fig. 1 ) confirmed the presence of the F gene sequence plus a new downstream sequence. Clone FM2.PCRG1 was then used as a probe to search for more clones, containing the sequence of the gene adjacent to F, from a library which had been made using the Amersham cDNA synthesis kit, TRTV virion RNA and a 25-mer oligonucleotide (FR2) which corresponded to nucleotides 1284 to 1319 of the F gene sequence, i.e. situated with its 3' end approximately 320 residues from the end of the F gene (Yu et al., 1991) . Clone FM2 (1.47 kb) was obtained in this way (Fig. 1) . Additional clones were generated by PCR to enable the 5' half of the gene adjacent to F to be sequenced on more than one clone. The 20-mer oligonucleotide primers used were 22K1 (negative-sense) and 22K2 (positive-sense) corresponding to positions 762 to 781 and 280 to 299, respectively, in Fig. 2 . The PCR was performed separately with both virion RNA and mRNA for 25 cycles (Sambrook et al., 1989) and the products cloned as described above. Four clones derived from virion RNA (M2. PCRv5-8) and two from mRNA (M2. PCRml and 3) were subsequently sequenced.
Cloning of the 3" end of M2 mRNA. To generate M2 clones containing a poly(A) tract 1 ~tl of total RNA from TRTV-infected Vero ceils (equivalent to 10% of a 75 cm 2 flask) was mixed with 2.5 Ixl (4 lag) of Fig. 2 . Consensus sequence of the TRTV M2 gene (in the mRNA sense) and comparison of the deduced amino acid sequence of the M2 protein with that of RS virus strain A2 oligo(dT) primer and cDNA generated using 2 units of reverse transcriptase as described by Sambrook et al. (1989) . The product was amplified by PCR by addition of 2-5 pl of the positive-sense, kinasetreated oligonucleotide primer 22K2 (see above) and 2.5 units of Taq polymerase. The PCR was performed for 25 cycles: 1 rain at 94 °C for denaturation; 2 min at 45 °C for hybridization; 2 min at 72 °C for polymerization. Some of the product was electrophoresed in a 1 agarose gel, transferred to nitrocellulose and probed with 32P-labelled M2.PCRv probe (see Fig. 1 ). On the basis of the result 20 pl of PCR product was electropboresed, stained with ethidium bromide and a piece of gel containing cDNA of approximately 0.5 kb was excised and the cDNA eluted and precipitated. The cDNA was digested with HindIII to yield two fragments, one of approximately 0.2 kb and the other about 0-3 kb which contained the poly(A) tail. The ends of both fragments were repaired with 5 units of the Klenow fragment ofE. coli DNA polymerase I and 1 unit of T4 DNA polymerase (Boehringer Mannheim) at 37 °C for 10 min, followed by phenol-chloroform extraction, ethanol precipitation and resuspension in 5 ~tl of water• Two microlitres of the repaired cDNA was ligated to 1 pl (50 ng) of pBluescript using 1 pl (5 units) ofT4 DNA ligase plus 6 I~l of water for 20 h at 16 °C followed by transformation. Colonies containing TRTV inserts were identified by probing with a 3zP-labelled M2. PCRv probe. Clones of the smaller HindlII fragment were named M2. PCRdTS and of the larger fragment M2.PCRdTL (Fig. 1 ).
Sequencing. Sequencing was performed by dideoxynucleotide chain termination following the generation of a nested set of deletions after cutting the pBluescript polylinker with either BstXI or KpnI, to generate 3' protruding termini resistant to digestion with exonuclease III, and BamHI or XhoI, respectively, to generate recessed 3' termini which were susceptible to exonuclease III (Yu etal., 1991 (Yu etal., , 1992 . All the sequences were determined for at least three clones and from both strands. Sixty-five percent of nucleotides were determined from 22 clones; 85~ of nucleotides were determined 15 to 30 times and the remainder nine to 14 times. Sequences were analysed on a MicroVAX 3600 computer system using the Wisconsin program GAP.
Primer extension. The 5' terminus of the M2 mRNA was determined by primer extension using a 20-mer oligonucleotide (22KBG) complementary to nucleotides 68 to 87 of the M2 gene sequence shown in Fig. 2 . The primer was 5' end-labelled with polynucleotide kinase and [y-32p]ATP. The primer (10 ng, 2 x l0 g c.p.m.) was added to poly(A) + RNA extracted from two 75 cm 2 flasks of infected cells. Reverse transcription was performed using RNA sequencing conditions as described previously (Cavanagh & Davis, 1988) . Primer extension was performed also using total cell RNA, from 1-5 75 cm 2 flasks of infected Vero cells, using the conditions described in a eDNA synthesis kit (Amersham). The same oligonucleotide was used to prime a sequencing reaction (Yu et aL, 1991) using as the substrate pBluescript containing insert FM2. All reactions were analysed in the same sequencing gel so the 5' terminus of the M2 mRNA could be deduced directly by comparison with the sequence determined from clone FM2.
Northern blot analysis. TRTV mRNAs, after poly(A)* selection, were separated in a 1.2 % agarose gel containing formaldehyde (Sambrook et a/., 1989) , and the gel was exposed to u.v. light (302 nm) (Ultra-Violet Products) for 2 min to nick the RNA sufficiently to improve the transfer of genome and anti-genome TRTV RNA. Each lane contained RNA from approximately half the Vero cells grown in a 75 cm 2 flask. Coronavirus IBV mRNAs were electrophoresed as size markers and probed with an IBV nucleocapsid gene probe. All IBV mRNAs were detected by this probe because all the mRNAs contain the N gene at their 3' end. TRTV mRNAs were probed using a PstI-and KpnIgenerated restriction fragment in the case of M, a PCR product of the complete F gene and the PCR product M2.PCRv (Fig. 1) to make random hexanucleotide-primed 32P-labelled probes.
In vitro translation. To study in vitro translation of both M2 gene ORFs from one cDNA, clone FM2 ( Fig. 1 ) was first cut with StyI and XhoI to release a 1.2 kb fragment which contained ORFs 1 and 2, part of the F gene and part of the gene downstream from the 5' terminus of ORF 2. This fragment was purified by gel electrophoresis and then cut with Dral to generate two fragments of 0-34 kb and 0-83 kb. The 0.83 kb fragment contained both ORFs 1 and 2 and was purified by gel electrophoresis prior to cloning in pBluescript to produce pM2. ORFI&2. To study translation of ORF 2 in the absence of ORF l, clone FM2. PCRv6, which contained part of ORF 1 and all of ORF 2 ( Fig. 1) was digested with HindIII. This cleaved the clone at position 483 (Fig. 2) , thus removing most of the remaining ORF 1, and cleaved pBluescript in the polylinker such that the remaining DNA comprised pBluescript attached to ORF 2 with no potential translation start codons before the one at the beginning of ORF 2. This DNA was electrophoresed, excised, purified by electrophoresis and elution and religated to produce pM2.ORF2.
RNAs containing ORFs l and 2 and ORF 2 were produced by in vitro transcription with T7 RNA polymerase of pM2.ORFI&2 and pM2. ORF2, respectively, linearized with BamHI. Both capped (Krieg & Melton, 1984) and uncapped transcripts were produced. In vitro translation in the rabbit reticulocyte lysate was carried out as described by Jackson & Hunt (1983) . Products were analysed by SDS-PAGE using 17.5 ~ acrylamide gels with an acrylamide : bisacrylamide ratio of 300 : 1 (Laemmli, 1970) followed by autoradiography.
In vitro mutagenesis of the M2 gene of TRTV. This was performed as described (Kunkel, 1985; Kunkel et al., 1987) . Briefly, plasmid pM2.0RFI&2 was transformed into E. coli RZ1032 which resulted in progeny phagemids that contained some uracil in place of thymine residues. Colonies containing phagemids were grown in liquid medium in the presence of the helper phage R408. Single-stranded uracil-containing phagemid was purified by conventional methods (Sambrook et al., 1989) and the DNA was extracted and annealed with a synthetic positive-sense 20-mer oligonucleotide (Severn Biotech), corresponding to positions 575 to 594 in Fig. 2 . The oligonucleotide had a single nucleotide different from the TRTV sequence, i.e. C in place of A at position 584, for the subsequent creation of a unique StyI site. After extension of the oligonucleotide the DNA was used to transform E. coli XL1-BIue in which replication of the uracil-containing input DNA was selected against whereas the previously in vitro synthesized uracil-negative strand, which also contained the desired mutation, replicated normally. Clones were examined for the presence of the mutated M2 gene by StyI digestion of mini-prepared pBluescript and subsequently by sequencing of the mutated region. Two mutated clones were used for in vitro translation.
Results

Cloning the M2 gene of TRTV
Initially we tried to generate clones of the gene downstream (towards the 5'end) of the F gene using an oligonucleotide primer situated approximately 350 nucleotides from the end of the F gene in conjunction with reverse transcriptase and then DNA polymerase I, following conventional protocols. Probing of the resultant cDNA with an F gene probe failed to reveal any TRTV-specific clones. In the event that a small amount of eDNA containing some adjacent gene sequence might have been produced we reverse-transcribed the TRTV virion RNA using another F gene oligonucleotide primer located 160 nucleotides from the 5' end of the F gene. The products of reverse transcription were then C-tailed and used in a PCR with an oligonucleotide containing 12 successive G residues, to hybridize with the C tails, and the F gene oligonucleotide. After two rounds of PCR a range of products was obtained, one of which was 0.4 kb in size and bound the F gene probe (data not shown). One clone (M2. PCRG1 ; Fig. 1 ) generated from this material was used to probe a conventionally made cDNA library and selected clone FM2 of 1.47 kb (Fig. 1) .
Features of the gene 5"-proximal to F; the M2 gene
Sequencing of clone FM2 revealed the following features. After the transcription termination/poly(A) signal of the F gene (AGUUAUUUAAAA) there were two bases (UU) followed by the nine nucleotide sequence G G G A C A A G U (Fig. 2, nucleotides 1 to 9 , doubly underlined). This sequence was identical to that at the start of the F and M genes (Yu et al., 1991 (Yu et al., , 1992 and was confirmed as the transcription start sequence by 5' mapping of the M2 mRNA (Fig. 3) . Consequently this identified the above-mentioned two base sequence U U as being the intergenic sequence between F and the adjacent gene. There was an ORF (ORF 1) of 558
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A C G U A C G U Fig. 3 . Mapping of the 5' end of the M2 mRNA by primer extension. The end-labelled oligonucleotide 22KBG was used to prime the extension on M2 mRNA. The same endqabelled oligonucleotide was used to prime a sequencing reaction using as the substrate pBluescript containing insert FM2 (pFM2). All reactions were analysed in a 6% acrylamide sequencing gel. Lanes 1 to 4, primer extension of M2 mRNA using RNA sequencing conditions; lanes 5 to 8, primer extension of pFM2; lane 9, primer extension of M2 mRNA using a eDNA synthesis kit. The arrows show the major primer extension product from mRNA which comigrated with the first nucleotide in the sequence G G G A C A A G U derived from pFM2, confirming that this sequence was at the beginning of the M2 mRNA.
nucleotides, five nucleotides after the transcription start signal potentially encoding a polypeptide of 186 residues which had sequence identity with the M2 protein of RS virus (see below) (Fig. 2) . A second ORF (ORF 2) commenced at position 531 and comprised 219 nucleotides ( Fig. 1 and 2 ). The sequence of ORF 2 was confirmed by sequencing six clones generated by PCR using oligonucleotide primers with 3' ends corresponding to positions 299 and 762 (Fig.  2) . Four of the clones had been derived from virion RNA (clones M2.PCRv5-8) and two from mRNA (clones M2.PCRml and 3) (Fig. 1) .
At 36 residues after the translation stop codon of ORF 2, there was a nine nucleotide sequence GGGACA-AGU, identical to the mRNA start sequence for the M2, F and M mRNAs of TRTV. This sequence was followed four nucleotides later by an ORF of 320 nucleotides which was still open at the end of the clone. Thus G G G A C A A G U was most probably the start of the gene 5'-proximal to the M2 gene.
Overlapping with the translation stop codon of ORF 2 was the sequence A G U U A A U U A A A A which was almost identical to the transcription termination/poly(A) signal sequence A G U U A U U U AAAA of the F gene (Yu et al., 1991 and sequencing of clone FM2) (Fig. 2) . The sequence A G U U A A U U AAAA might, therefore, have been the transcription termination/poly(A) signal for the M2 mRNA. However, it was possible that the sequence A G U C C AAAAAA immediately prior to the gene start sequence of the 5'-proximal gene was the transcription termination/poly(A) sequence; that for the M gene of T R T V is A G U C A AAAAAA (Yu et al., 1992) . Since none of the clones described above had been obtained by oligo(dT) priming they lacked the transcription termination/poly(A) signal. To examine which of these sequences functioned as signals, c D N A was generated from poly(A)÷-selected infected cell R N A using oligo(dT) primers and then a PCR was performed using oligo(dT) and oligonucleotide 22K2, containing nucleotides 280 to 299 in Fig. 2 . The approximately 0.5 kb c D N A was digested with HindlII (restriction site at positions 483 to 486, Fig. 1 and 2 ) to yield fragments of approximately 0.2 and 0-3 kb which were then used to make clones M 2 . P C R d T S and M 2 . P C R d T L , respectively (Fig. 1) . The M 2 . P C R d T L clones had the poly(A) tails of the M2 mRNA. Sequencing of 15 of these clones revealed the same result, namely that the sequence immediately preceding the poly(A) tail was A G U U A A U U AAAA, corresponding to positions 751 to 762 in Fig. 2 . Thus this sequence was identified as a functioning transcription termination/poly(A) signal. None of the clones had a poly(A) tract adjacent to the downstream A G U C C AAAAAA sequence.
We also sequenced 16 M 2 . P C R d T S clones ( Fig. 1 ) generated with the 0.2 kb HindlII c D N A fragment. Four of these 16 clones each had a single, different nucleotide in comparison to the sequence in Fig. 2 . Eight of the M2. P C R d T L clones had two differences, from U to C at position 746 and A to G at position 607, respectively. The latter difference was also possessed by four other M2. P C R d T L clones. The mutation at position 746 did not change the specificity of the codon whereas that at nucleotide 607 would result in a change from a Lys to an Arg codon in ORF 2 (Fig. 2) . It was not clear whether these differences reflected heterogeneity in the viral RNA, or mutations which had occurred during the PCR. However, none of the clones generated from mRNA, or genomic R N A , had any insertions with respect to the sequence shown in Fig. 2 , i.e. there was no evidence for the insertion of non-templated nucleotides by the mechanism of polymerase stuttering as described for the P gene of some members of the Paramyxovirus genus (Thomas et al., 1988; Vidal et al., 1990) .
Protein-encoding sequences of ORFs 1 and 2 and in vitro translation
ORF 1 had the coding capacity for a 186 residue polypeptide, of Mr 20959, which shared 40~o and 38~o overall amino acid identity with the M2 proteins of human RS virus A2 (Fig. 2) Elango et al., 1985) and B18537 (Collins et al., 1990) (Collins et al., 1990) . The transcripts used for in vitro translation contained minimal non-M2 sequences: the last four nucleotides of F, the two F -M 2 intergenic bases and the first 39 nucleotides of the downstream gene. Translation produced a single major polypeptide with an apparent Mr of 23 000, close to the predicted Mr of 20959 deduced from sequencing (Fig. 4, lane 2 ). There were only extremely small amounts of any other products. In vitro translation was also performed using p M 2 . O R F 2 which lacked most of ORF 1 and did not include any A U G codons before that at the beginning of ORF 2; a polypeptide of approximately the expected Mr (9000) was produced. Capped mRNAs (Fig. 4, lanes 2 and 3) were translated much more efficiently than non-capped m R N A s (Fig. 4 , lanes 5 and 6).
It was possible that the in vitro translation product derived from the full-length M2 m R N A was not derived After transfer to nitrocellulose the RNAs were probed with TRTV gene-specific, 32p-labelled probes, the identity of which is shown at the top of each pair of tracks. Lanes 1 and 2, F gene probe; lanes 3 and 4, M2 gene probe (this probe also hybridized quite strongly to large and small ribosomal RNAs); lanes 5 and 6, lanes 1 and 2 were re-probed with the M2 probe, respectively; lanes 7 and 8, lanes 3 and 4, respectively, were re-probed with the M gene probe; lanes 9 and 10, M gene probe. The monocistronic M2, M and F mRNAs and dicistronic M-F and F-M2 mRNAs are marked alongside the corresponding RNA bands. The M-F and F-M2 dicistronic mRNAs comigrated.
solely from ORF 1 but from readthrough into ORF 2 as a consequence of ribosomal frameshifting, although the apparent 3,/, of the in vitro translation product was that expected from ORF 1. To test this possibility a unique StyI site was introduced into the ORF 2 region of pM2. ORFI&2, then the construct was cut with StyI and used for in vitro translation. If the product of the M2 gene had been derived by readthrough into ORF 2, then the transcription of the truncated cDNA would have resulted in an in vitro translation product smaller than that previously detected. In the event, the mutation had
Northern blots
Poly(A) ÷ RNA from TRTV-infected cells was electrophoresed in an agarose gel, transferred to nitrocellulose and hybridized with probes specific for the M2, M and F genes (Fig. 5) . As the various lanes were found after autoradiography not to be aligned exactly, some filters were probed with two probes, the second probe being used after an autoradiograph had been prepared following the first probing. The autoradiographs were then superimposed to identify the bands. The M2 probe hybridized to two mRNAs, the smallest of which migrated slightly faster than the M mRNA and corresponded to the M2 monocistronic mRNA; compare lanes 6, 8 and 10 in Fig. 5 . The second M2-containing mRNA comigrated with an mRNA species which bound the F gene probe (Fig. 5 , lanes 2, 4 and 6) and the M gene probe (Fig. 5 , lanes 8 and 10). As shown previously (Yu et al., 1992) , an M-F dicistronic mRNA, of approximately 2-5 kb migrates at this position. Thus the slower migrating, M2-containing mRNA was concluded to be an F-M2 dicistronic mRNA. Since the M2 and M genes are of very similar size, about 0.8 kb, it was expected that the M-F and F-M2 dicistronic mRNAs would comigrate. Although the M2 probe was labelled to at least the same extent as the similarly sized M probe, more o f the latter bound to the filters; compare lanes 4 and 10 in Fig. 5 . Approximately half of the M2 mRNA was in the form of F-M2 dicistronic mRNA (Fig. 5, lane 4) .
Discussion
Human RS virus and PVM have the partial gene order The demonstration that the first of the two sequences with the potential to act as a transcription termination/ poly(A) signal did function in this capacity shows that the M2 gene comprises 762 nucleotides and that the 29 nucleotides located after AGUUA AUU AAAA (positions 751 to 762 in Fig. 2 ) and before the start of the downstream gene (position 792 in Fig. 3 ) form an intergenic region, much longer than the two bases which form the intergenic regions between genes M and F and between F and M2. However it is possible that if any polymerase failed to initiate polyadenylation at AGUUA AUU AAAA, the downstream sequence AGUCC AAAAAA, which is similar to the sequence AGUCA AAAAAA situated at the end of the M gene (Yu et al., 1992) might then function to terminate transcription and initiate polyadenylation. In that case the M2 gene would effectively be 787 nucleotides long and the intergenic region would comprise only four nucleotides (GGGU) (Fig. 2) . One clue that this might have been the case is that Northern blotting did not reveal any RNA species that might have been an M2-SH dicistronic mRNA whereas M-F and F-M2 were much in evidence (Fig. 5) . The failure to detect an M2-SH dicistronic mRNA would be expected if two sequences were to function as transcription stop signals, termination being more efficient than at the end of genes which had only one signal and greatly decreasing the chance of readthrough into the downstream gene.
Although TRTV is undoubtedly a pneumovirus, the amino acid identity that we have discovered to date between TRTV proteins (M, F and M2) and human RS virus, for which the most extensive sequence data are available, is much lower (about 40~) than are the identity values shared by bovine RS virus and human RS virus F, M and N proteins (81, 89 and 93~, respectively; Lerch et al., 1991 ; and shared by the N proteins of PVM and human RS virus (60~; Barr et al., 1991) ; data for other PVM proteins and bovine RS virus M2 protein were not available for comparison. This suggests a more distant evolutionary divergence of TRTV from the known mammalian viruses than the latter from each other. One consequence is that comparison of TRTV proteins with those of mammalian pneumoviruses is an aid to identifying which structural features are characteristic of pneumovirus proteins and which might form functional domains.
The similarity of the M2 protein of TRTV with that of human RS virus (40 ~o overall) was most striking in the N-terminal 62 residues (one-third) in which there were 62~ identical residues whereas in the remaining twothirds of the molecule the identity was only 29 ~o. The M2 of RS virus was eight residues longer than that of TRTV. The latter had four cysteine residues, all within the N-terminal half of M2, and all of these aligned exactly with the four cysteines of the M2 of RS virus (Fig. 2) . The TRTV M2 protein has a theoretical positive charge at neutral pH of 7 (assuming lysine and arginine as 1 and histidine as 0.5), similar to 9.5 for RS virus. have drawn attention to two clusters of basic residues, residues 3 to 48 and 139 to 162. In the first of these regions TRTV has nine (19~) basic residues (and one acidic) of which all were aligned exactly with basic residues of RS virus. In the second basic region TRTV had six (25~) basic residues (and one acidic), again all of them aligning exactly with RS virus basic residues. Of the 26 TRTV basic residues in the whole of M2, 22 (85~) aligned with basic residues of RS virus. That 85~ is remarkably high is illustrated by analysis of the TRTV F and M proteins, which have 47~o and 54~, respectively, of identically aligned basic residues when compared with human RS virus F and M proteins. also remarked on two regions in which there was a concentration of acidic residues, 51 to 71 and 105 to 119. TRTV also had a predominance of acidic over basic residues in these regions but not to the same extent that basic residues predominated over acidic ones in the basic regions. Overall, of the 16 acidic residues of TRTV, nine (56~) were aligned exactly and two more very closely aligned (to make a total of 69~).
The exact location of M2 in virions is unclear and its function unknown. Unlike the F and G glycoproteins M2 was not removed from virions of RS virus simply by treatment with the non-ionic detergent Triton X-100 in low salt (Huang et al., 1985) . Most cell-associated M2 was not exposed at the infected cell surface (Routledge et al., 1985 (Routledge et al., , 1987 and fluorescent antibody studies have indicated that M2 might be associated with the same internal structures of RS virus as the nucleocapsid and phosphoprotein proteins and be in a location different to that of the M protein (Routledge et al., 1987) . As with RS virus, the hydropathicity plot of the M2 of TRTV revealed that there were no extensive highly hydrophobic sequences of the sort present in proteins which are integrally associated with membranes (data not shown). The latter observation is consistent with M2 having an internal location. The hydropathicity plots for the M2 proteins of TRTV and RS virus were very similar, not only in the highly conserved N-terminal onethird but also in the remainder of the protein, indicating that sequences along the whole length of the M2 proteins of both viruses have similar functions.
Our finding that ORF 2 was not expressed by , 1985) . Similarly a product of ORF 2 was not observed when poly(A) ÷ RNA from infected cells was used for in vitro translation or when RS virus proteins were labelled during production in RS virus-infected cells (Collins et al., 1984) . A small amount of the second ORF product was obtained when the M2 mRNA of RS virus strain A2 was translated in vitro. In this study an attempt was made to exclude the possibility that ORF 2 was expressed as a fusion with ORF 1 or from mRNAs containing non-templated nucleotides. The latter were not detected in the substantial number of mRNAderived cDNA clones that we examined. Data on the translation of synthetic mRNAs containing or lacking ORF 2 also demonstrated that a ribosomal frameshift did not occur at a detectable level during in vitro translation in the rabbit reticulocyte lysate system. It was judged necessary to pursue these possibilities in spite of the good agreement between the apparent Mr of the in vitro translation product and the predicted size of the ORF 1 polypeptide because the ORF 2 codon usage data suggested that it was likely to encode a polypeptide. Our data demonstrate that this is unlikely but cannot, of course, totally exclude the possibility that it is expressed at a very low level in vivo by an unconventional translational mechanism or from rare transcripts containing non-templated nucleotides. The M gene of RS virus also has a second ORF which partially overlaps the C terminus of the M protein and which has the coding potential for a 75 residue polypeptide (Satake & Venkatesan, 1984 ). However such a second, corresponding M gene ORF was not present in the case of TRTV (Yu et al., 1992) . When deduced amino acid sequences of ORF 2 of TRTV and human RS virus were compared there was maximum identity of 23 ~ although this was achieved only by the introduction of three large gaps into the TRTV or RS virus sequence because of the greater size in the case of RS virus (by 17 residues). There was little similarity in the hydropathicity plots (data not shown). Considered alongside the in vitro translation results the data suggest that ORF 2 may not encode a product that is necessary for virus replication.
